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(57) Abstract 

The invention relates to an electn,mechanical transducer for tn>n^^g '^«;«JS«'S.J^^ l^. 
cbanical system. e.g. to a part of a ship's hull. Tie "'1 P™°^^^ 

guration with a cylindrical magnet (4) and an annular pp (12) ^^^^^^^^l^'^^^^Z springs (2. 8) which 
Sstem to be vibrated, and also secured to a voice coil (0 m the air (4). 
Semitrally secured to said center bolt (IX located ouBide and »^^,'^?^^J*»»5^SJ^ 
and are fixed to said magnet peripherally by means of distance pieces (1 1). TlKVOice coi) bobbm (7) is maoe irom 
num in one piece, and said voice coil (6) is fixed thereto with an epoxy connection. 
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ELECTROMECHANICAL TRANSDUCER FOR LOW FREQUENCY VIBRATIONS 

The present inven'tion concerns an elector omechanical 
transducer for transmitting low frecjuency vibrations to a 
mechanical system, e.g. to a part of a ship's hull. The 
purpose of transmitting such vibrations is to prevent fouling 
by mcurine organisms on the outside of the hull. 

The starting point of the present invention is to be found 
in Nozrvegian publicy available patent application no. 87.3306, 
with the same inventor as in the present invention. From 
NO 87.3306 is known a transducer of electrodynamical and 
loudspeeJcer-llke type, where a center bolt which is fixed to 
the transducer voice coil extends through a central and axial 
bore in a substantially cylindrically shaped magnet. The 
magnet poles are separated by a cylindrical air gap in which 
the voice coil is situated, and the magnetic field is substan- 
tially radial from the central pole to the concentrically 
surrounding other pole. Thus, the central pole has a through 
bore for the center bolt extending therethrdugh. 

Two support springs or diaphragms are provided for 
retaining the magnet in its position. The two diaphragm 
springs are arranged substantially flush with the two substan- 
tially flat and parallel surfaces of the cylindrical magnet, and 
the voice coil is secured with varnish onto a coil bobbin of 
plastic or cardboard material fixed to the center bolt outside 
one of the support diaphragms. 

It has turned out that this construction can be improved 
in order to obtain a higher performance as to efficiency cuid 
m?^xiF™ power emission. The present invention is related to 
such an improved transducer element, and the invention is defined 
precisely in the enclosed patent claims. 

A closer description of the invention will now be given, 

« 

with a detailed mention of an embodiment example of non-limiting 
cheuracter, and referring to the enclosed drawings, where 

fig* 1 shows an axial cross section through an embodiment 
of a transducer in accordance with the invention, and 

fig. 2 shows the same transducer in an axial view directly 
"from above". 
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It appears from fig. 1 that the transducer in accordeuice 
with the invention is intended to be fixed e.g. to a hull plate 
in a ship in order to impart transverse mechanical vibrations 
to the plate. The hull plate is equipped with a hold in which 
the transducer center bolt 1 is well secured by means of a screw 
connection. Generally, the center bolt 1 may of course be 
connected with the mechanical system to be vibrated, in other 
manners them the one shown here, for example by welding, a nail 
cojmection, a quick-coupling or similar means. 

Reference numeral 4 concerns a magnet of strontium 
ferrite, which magnet has a cylindrical shape with concentric 
magnet poles cuid an annular air gap pole, analogous to the prior 
art transducer ^nbodiment. The center pole 13 has a central 
and axial bore through which the center bolt 1 extends, and the 
magnetic field between the poles extends siibstantially radially 
from the central pole 13 to the surrounding pole, through the 
air gap 12. 

A coil bobbin 7 projects into the air gap 12, from above 
in the figure. A coil 6 is wound onto the bobbin 7. It should 
be noted that the coil bobbin 7 which has a cup shape (standing 
upside down in the figure) in accordemce with the invention is 
formed by one single piece, suid is made of rolled metal, 
preferably aluminum. Usually such a coil bobbin is made of 
cardboard or plastic material, but the new coil bobbin used 
here, which bobbin is a central feature of the invention, is 
able to withstand far stronger forces than the previous 
constructions, and also provides much more efficient removal of 
heat by conduction, enabling the use of higher power, other 
metals than aluminum may be used, however these metals must be 
reliable and have such characteristics that the magnetic field 
in the air gap is not influenced substantially, e.g. weakly 
psuramagnetic characteristics. 

The coil 6 is wound onto the bobbin 7 and fixed thereto in 
a particular manner. Instead of using a varnish as fixing 
agent, there is in accordance with the invention used an epoxy 
connection, and after winding, epoxy application and heat cure, 
this type of coil winding is able to withstand temperatures of 
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about 240°C, in comparison with a previous upper limit of about 
120^C. 

The coil bobbin 7 is sectired with its central area (the 
bottom of the cup) to the center bolt 1, and consequently stays 
stationary in relation thereto. The aluminiun bobbin 7 is more 
rigid than a coil bobbin of cardboard or plastic material, and 
thereby also provides a more ideal behavioua: (i.e. lack of 
behaviour, or really lack of movement) of the coil 6 in the air 
gap 12, which air gap has as narxow a shape as possible in 
order to give the transducer a high efficiency. 

The magnet 4 is supported by two support springs or 
diaphragms 2 and 8. The examplaxy configuration of the 
diaphragms or springs 2 and 8 appears most clearly from fig. 2, 
in which a three-arm configuration is shown. In center the 
support springs 2 and 8 are secured to the center bolt 1. 
Substantially flat arms extend from the central area, in this 
case three arms, to mounting positions on magnet 4. 

since it is difficult to drill into or machine the 
magnetic material in question of the magnet; which here 
preferably is strontium ferrite, external plates 3 and 5 are 
glued to each flat side of the magnet 4. Besides, one of these 
plates, here plate 3, can possibly also be used as a magnetic 
flux conductor, since it is constructed of soft magnetic 
material. 

However, a central feature of the invention is the 
arrangement of the distance pieces 11 on the outside of plates 
3 and 5, said distance pieces being used for the mounting of 
the diaphragms or suppoirt springs 2 and 8. 

By arranging the support springs 2 and 8 in this manner, 
in a dlsteuice from and on the outside of the complete magnet/ 
coil system, it is achieved that the natural system resonance 
more easily can be be placed in a favourable and low range, and 
the transducer is enabled to withstand strong accelerations 

(high "G" values) . 

Furthermore, the diaphragm springs 2 and 8 are equipped 
with suitably placed knee points 9 in each arm. This feature 
is introduced in order to obtain a precise constructional 
control of spring stiffness for the support springs 2 and 8, 
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and consequently a precise determination of natviral resonance 
for the transducer. 

The support springs 2 and 8 are preferably made of metal, 
e.g. brass, and possesses a high modulus of elasticity. 

Reference numeral 10 represents a bracket on the coil 
bobbin 7 with terminal ecurs for electrical supply leads to 
voice coil 6. 

When drive current is fed to the voice coil 6, magnetic and 
mutual forces are induced between coil 6 and magnet 4, and the 
magnet 4 is set in motion in relation to the center bolt 1. 
However, due to the magnet mass, also the center bolt 1 smd the 
external mechsmical system coupled thereto, in this case the 
ship's hull, is set in corresponding oscillations in opposite 
phase. 
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PATENT CLAIMS 

1. Electromechanical transducer for generating low frequency 
vibrations in a mechanical system coupled to said transducer, 
e.g* in a ship's hull plate, said transducer comprising 

a) a s\ibstantially cylindrically shaped magnet (4) with a 
coaxial ly arranged and cylindrical air gap (12) between 
concentric magnet poles and with an axial hole all the way 
through the central part (13) of said magnet (4), a center bolt 
extending therethrough, which center bolt (1) is secured to 
said system and in relation to which center bolt (1) said 

magnet (4) is movable, 

b) a coil (6) for generating mutual and magnetic drive 
forces between said coil (6) and said magnet (4) in correspon- 
dence with the drive current being fed through the coil 
windings, said coil (6) being fixedly positioned in relation to 
the center bolt (1) and being situated in the magnet air gap 
(12), and 

c) two support springs (2, 8) arranged in axial distance 
from each other, both attached to said center bolt (1) centrally 
and to said magnet (4) substantially peripherally, 
characterised in that each support spring (2, 8) 
is placed on a respective outside of and in a distance from 
said magnet (4), the substantially peripheral attachments being 
arranged by means of rigid distance pieces (11) between said 
support springs (2, 8) and the substantially flat end surfaces 
of said magnet (4) , and that said coil (6) is wound onto a coil 
bobbin (7) consisting of a one-piece rolled metal of substan- 
tially cup-like shape, i.e. with a siibstantially flat bottom 
surface and a cylindrical wall surface, said coil bobbin (7) 
being secured centrally to said center bolt (1) with its 
substantially flat bottom surface. 

2. Transducer in accordance with claim 1, 
characterized in that said coil bobbin (7) is 
foinned from rolled aluminiim. 
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3» Transducer in accordance with claim 1 or 2, 
characterized in that said coil (6) is surrounded 
by and heat bonded to said coil bobbin (7) with an epoxy 
connection. 

4. Transducer in accordance with any one of the preceding 
clai2Ds, 

characteri zedin that said magnet (4) is a permanent 
magnet of strontium ferrite. 

5. Transducer in accordance with cuiy one of the preceding 
claims, 

charact:erized in that the dimexisions, mass and 
magnetic characteristics of said magnet (4) as well as the 
elastic chsuracteristics and shape of said support springs 
(2, 8) are mutually tuned for impaorting a low resonsmce frequency 
to said transducer, e*g. 25 Hz* 

6. Transducer in accordance with any one dt the preceding 
claims, 

characterized in that one of or both support 
springs (2, 8) have a diaphragm configuration and is shaped 
with a central area fixed to said center bolt (1) and three arm 
arecis extending to three substantially peripherally placed 
distance pieces (11) . 

7. Transducer in accordance with claim 6, 

characterized in that at least one of said arm 
areas is equipped with a knee point (9) for adjustment of 
spring stiffness. 

8. Transducer in accordance with any one of the preceding 
claims. 

Characterized in that said support springs 
(2, 8) consist of a metal, e.g. brass. 
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9* Transducer in accordance with any one of the preceding 
claims, 

characterized in that attachment plates (3, 5) 
for attaching said distance pieces (11) are glued to both of 
the sxibstantially flat end surfaces of said magnet (4) , said 
attachment plates (3, 5) being adapted to the remaining 
geometric features of said magnet (4) » 
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